mother worked in a clothing factory while he was away. This was a dark period in my childhood recollections. He was demobilized in March 1919 and started up his business again. A younger brother joined him as a junior partner and they normally employed one man -occasionally two. It was a very small business throughout the 1920s and it offered us only a very modest standard of living at best. Things were made more difficult in the early years, when my father had to settle debts incurred by my grandfather (J.W.M.) who was under threat of bankruptcy. Furthermore, in 1927 he developed a severe duodenal ulcer which was treated medically (but ineffectively) for a considerable time, and eventually had to be dealt with surgically. He was very weak after the operation and took a long time to recover: all in all, the ulcer prevented him from working normally for a year, and if a self-employed man was not working, no money was coming in. We were in severe financial straits during this period, which coincided with my final year at school. Yet my father never wavered in his determination that I should go to a university if I showed myself worthy of it by obtaining some kind of scholarship, whatever sacrifice he would have to make. I owe my career in science to his determination that I should have my opportunity, come what may.
SCHOOLING
Kenneth was fortunate in his school education and undoubtedly he was a hard-working pupil. Even at this early stage he showed a single-minded determination to find the best, and not to be deterred by the worst. There are no records of his other activities at school or at home, no mention of games, sports, expeditions or holidays which leaves an impression of a lonely self-sufficient boy, little influenced by his contemporaries but able to inspire mutual confidence with the masters. The primary school which he attended between 1915 and 1922 was the Church of England Boy's Primary School in Nantwich. It provided a sound basic teaching in the three Rs, and the enterprising headmaster H.C. Barker, included not only the standard subjects of English, history and geography but some teaching in elementary physics of light and sound, and arithmetic, which included the solution of simple linear equations. With a Cheshire County Scholarship his secondary education was at the N antw ich and A cton G ram m er School. There appears to be som e misunderstanding about the actual name of the school, for the obituaries in two London newspapers state that he went to the Acton Grammer School and, although there is no grammer school in the London Suburb of Acton, this mistake might leave the reader with the impression that Kenneth was a Londoner. Kenneth, unable to read his own obituary and always being a stickler for correct detail would have insisted that the record should be made clear. How the error arose can be seen from the history of the schools in the Nantwich area. In the middle of the 16th century (1548-72) two grammer schools were built; the Nantwich Grammer School and the Acton Grammer School, at the small village of Acton, two miles northwest of Nantwich. The two schools were amalgamated in 1885 as the Nantwich and Acton Grammer School. In 1922 it was a small school with some 200 pupils approximately half boys and half girls and about half from farms and half from the town. The curriculum was required by the County Education Committee to have a rural bias which meant in practice that the only sciences taught were chemistry and botany, with no physics except that obtainable from the applied mathematics. The sixth form was small, and very few pupils went on to a university. The headmaster, A.T. Powell, was an Oxford graduate in mathematics who spent a lot of time on Kenneth's mathematical education and also inspired Kenneth with his strong belief in the future of the biological sciences.
U n i v e r s i t y
Kenneth was awarded a Cheshire County University Scholarship to read Botany at Manchester University. The annual sum of £75 had to cover the university fees o f £40 and railway fares to Manchester 40 miles away. This daily commuting from Nantwich continued for the first two years but was reduced to a ten mile journey from an aunt's house where he lived during the third year. The honours botany course was supplemented by courses in zoology and chemistry in the first year and, in the second year, by a course in chemistry for biologists which consisted of organic chemistry, particularly focused on saccharides and proteins, and physical chemistry. Mathematics, which Kenneth particularly wanted, was excluded because o f timetable difficulties and more revealingly because ' it would be of little use to a botanist'.
The botany courses were typical of the period, emphasizing the unique features of plants and ignoring the fundamental properties common to all organisms. Genetics, which was one of these, was taught as part of a course on plant physiology but Kenneth, who found this the most stimulating aspect of all, extended this by his own reading. In his third year his interest in genetics was further encouraged by J.M.F. Drummond, who had been director of the Scottish Plant Breeding Station and who in 1930 came to the Senior Chair in Botany at Manchester. In Kenneth's first year (1931) a new Professor o f Zoology was appointed when H. Graham Cannon, F.R.S., became the Beyer Professor of Zoology. Because Cannon was renowned for his first-year teaching it is almost certain that Kenneth would have attended one o f his courses, but this has left no recorded impression. Kenneth certainly would not have received any genetic encouragement from Cannon who had written letters to The Guardian and to Nature deploring the introduction o f Mendelian genetics into biology courses, arguing that it was too often treated 'merely as an exercise in arithm etic'. Cannon became notorious to geneticists in that he espoused many of the views o f Lamarck on the inheritance o f acquired characters. He actually wrote a book on Lamarck and modem genetics in 1959 to which, curiously enough, Kenneth did not respond with a written review. Verbally though, Mather treated him along with the other anti-genetical contempory McBride, more as a joke than a serious threat to genetics. The minor place of genetics in the University o f Manchester was typical of the period as a whole, a situation which continued in the U.K. until 1948 when Kenneth him self lead the way to a radical change when he was appointed to the first Professorship of Genetics in the University o f Birmingham. In his third year he showed all the early symptoms of the dedicated researcher when he completed a third year undergraduate research project, on the relations between suction pressure and osmotic pressure, and also when he used the summer vacation to set up an apparatus, with the guidance of T.A. Bennet-Clark, F.R.S., to measure the effect of light on conductivity in leaf cells of the runner bean. He left the university with a B.Sc. first class honours in botany, a taste for the excitement of research and a dedicated interest in genetics.
P o s t g r a d u a t e f o r m a t i v e p e r i o d
Kenneth's postgraduate studies started auspiciously at his interview for a research scholarship from the Ministry of Agriculture and Fisheries in 1931. The late Sir Frank Engledow, F.R.S., who was chairman of the appointment committee, made the final statement: 'If you are interested in genetics and want to help the plant breeder you should study the inheritance of quantitative characters such as yield and height.' Engledow had direct experience of the difficulties in studying such characters in his work on wheat, and was a worldwide leader in plant breeding who knew all the important centres of research. He suggested that the first two years of the scholarship should be spent at the John Innes Horticultural Institution at Merton, London, including three months with Engledow and the cereal breeders in Cambridge. The third year, traditionally spent at a suitable foreign research station, was to be in the U.S.A. which had impressed Engledow for its excellence in plant breeding research during his visit in 1924. Unfortunately, the year in the U.S.A. proved not possible owing to the financial exchange restriction arising from the financial depression of the early 1930s. Sweden was financially acceptable, and there was excellent work at the privately funded Swedish Seed Association at Svalof which provided an excellent and stimulating third year.
At the 'John Innes', Kenneth Mather was put to work with C.D. Darlington, F.R.S., who was at that time writing his famous work Recent advances in cytology. Mather records how 'he radiated enthusiasm, enterprise and confidence'. Within four months he was writing his first paper with him on 'The origin and behaviour of chiasmata'. Mather was interested in the X-like figures, chiasmata, which were clearly visible in the paired chromosomes in the division before formation of sex gametes, and the relation of the chiasmata with the unseen crossover of genes inferred from the ratio of the number of individuals showing different characters in breeding experiments. With Darlington he was studying the visible configurations so as to get a better picture of their physical structure and origin. Later he was to translate the physical structure of chiasmata into the inferred crossover of genes.
In his second year when Darlington was away in the U.S.A. and Japan, Mather continued with the study of chiasmata and found compelling evidence for the controversial nature of their origin. The two main theories of the structure of chiasmata were the classical and the chiasmatype theory. The crucial difference between the two theories was that the classical theory assumed that the visible chiasmata preceded the invisible but inferred crossover which resulted in the exchange of parts of the paired chromosomes. The chiasmatype theory assumed the reverse, that the exchange of partners preceded the visible chiasmata. The chiasmata were formed by the repulsion of the paired chromosome arms but held together at the point of exchange. One configuration of two paired chromosomes that were interlocked, provided direct evidence against the classical theory model and complete evidence to support the chiasmatype theory model which Darlington had advocated for many years. Another approach to the study of chromosome structure was an elegant experiment using X-irradation. By carefully timing the irradiation with the visible changes in the chromosomes during nuclear division he was able to show that the chromosomes reproduced into two strands recognizable by X-rays long before they were visibly double under the microscope. At the end of the two years at Merton, Mather was awarded a Ph.D. at London University for two published works and two papers that were never published. This was a considerable feat in three ways, first, to obtain a Ph.D. in two years instead of the usual three. Secondly, on published work instead of a thesis, and thirdly, as an example o f the liberal policies o f London University which allowed workers at research institutes with special relations to register for higher degrees without any formal or informal contact with a college or school o f the university. Mather, like others at research institutes, took full advantage o f this. In 1960 the university altered the regulations, retaining the essence of the scheme but including a formal and actual part-time connection with a London college.
W ith his Ph.D. out of the way, and without the usually unproductive burden of having to write a formal thesis, Kenneth M ather was able to make full use o f his third year spent in Sweden at the Swedish Seed Association. It was not only a world-famous centre for the breeding o f cereal and root crops but also for its basic genetic and cytological research. Mather was able to continue with his theoretical interest on the genetic consequences of crossing over and chiasma formation, particularly in autotetraploids. M ost important was his contact with the breeding programme, particularly with that of J.V. Rasmusson, the ebullient head o f the root-crop breeding work, who convinced him that traditional genetics would be unable to solve the problems encountered by plant breeders: a different genetic methodology was needed. This conviction had a positive effect in that it was to underlie all M ather's later work on polygenes unfortunately it probably unconsciously discouraged work on 'single gene characters', which was subsequently to become the basis o f revolutionary developments in molecular genetics.
On returning from Sweden, Mather was appointed an assistant lecturer in the Galton Laboratory at University College, London. R.A. Fisher, F.R.S., had been appointed to the Galton chair in 1934 and was gathering staff to develop his experiments in genetic linkage. The laboratory did no undergraduate teaching and M ather's position was more that of a postdoctoral fellow than that of an assistant lecturer. He looked after Fisher's genetic experiments, which were designed to test for linkages in mice and other mammals, including marsupials. But he was able to make an important contribution with plants when he and Fisher initiated an experimental analysis o f the genetic control of the tristylic breeding system in Lythrum salicaria, which had produced some puzzling results in the hands of earlier geneticists. It was an object lesson in the design of genetic experiments: by using the tristylic breeding system itself, no artificial controlled pollinations were made and unwanted fertilizations were entirely excluded by the very system they were analysing. But perhaps M ather's greatest benefit from working with R.A. Fisher was in learning the principles and practice o f statistical analysis.
There were other lessons to be learned from the Galton Laboratory as Mather recalled ih his biographical memoir of R.A. Fisher. The Galton Laboratory was part of the Department of Statistics which had a long history of bitter controversy on the theories of inheritance. Karl Pearson, F.R.S., as head of the department, believed dogmatically in the biometrical method o f statistical correlations to the complete exclusion of Mendelian analysis of discrete factors. Fisher, using a Mendelian basis, showed how Mendelian factors could explain all Pearson's facts resulting from the biometrical method. Fisher had to share the departmental accommodation with Professor Egan Pearson, the son o f Karl, who not only inherited the department but continued the Pearsonian tradition. Considerable tact and diplomacy had to be exercised by Fisher's colleagues to keep the shared accommodation free from open conflict. This experience undoubtedly had a lasting effect on Mather in the way he later handled academic staff and in university administration. But the absence of undergraduates was perhaps an unrealized loss, for Mather, in his last post as Vice-Chancellor of Southampton University was not able to come to terms with the militant students who strove to share the power and the resources with the authorities.
Finally, Mather obtained a Rockefeller Fellowship (1937-8) to spend a year in the U.S.A., which included a month at California Institute of Technology at Pasadena working with A.H. Sturtevant and Th. Dobzhansky, For.Mem.R.S., and four months at Harvard with the cytogenetist Karl Sax. Three works were published but perhaps of greater importance to Mather was the first-hand experience he gained from with working with the fruitfly Drosophila m e l a n o g a s t e r , which he was to use later as a model for his important selection experiments.
The ground covered in Mather's seven-year formative period is quite remarkable; encouragement and chromosomes from C.D. Darlington, plant breeding techniques from J.V. Rasmusson, statistics and design of experiments from R.A. Fisher, Drosophila and evolutionary theory from A.H. Sturtevant and Th. Dobzhansky, 28 scientific papers published, a Ph.D. and eight collaborators.
G e n e t i c s a t t h e Jo h n In n e s H o r t i c u l t u r a l In s t i t u t i o n a n d B i r m i n g h a m U n i v e r s i t y
M ather's training, early achievements and consuming interest in the genetics of quantitative characters were given full scope by the unique facilities available when he was appointed Head of the newly formed Department of Genetics at the John Innes Horticultural Institution at Merton in 1938. The Institution had been reorganized, or more correctly organized, into four departments, and the late C.D. Darlington, F.R.S., had been appointed director. Mather already knew the place from his scholarship years and had successfully collaborated with Darlington. The institution had a high standard of plant cultivation and great experience in growing experimental plants. After the first director, William Bateson, F.R.S., obtained sanction from Council and the Charity Commissioners in 1910 for work on chickens and canaries, there were no restrictions on the current genetic model, the fruit fly Drosophila melanogaster. The problems Mather set himself were to analyse the genetics of quantitative variations, and by so doing, to help the plant and animal breeder who was mainly interested in characters that were clearly quantitative such as yield, earliness, plant height and oil content. On a more speculative basis, he aimed to study the role of quantitative variation in natural populations, in the differences between species and interactions with environment, all of which were crucial to the understanding of the mechanism of evolution.
The problem of the inheritance of quantitative characters was first investigated by Galton in 1875, who analysed human height and other easily measurable characters using statistical correlations between relatives. This was before the general knowledge of M endel's analysis of qualitative characters. Karl Pearson compared Galton's correlations with Mendelian ratios and assumed complete dominance, as Mendel found. The expected parental correlations on the Mendelian basis did not fit the results of Galton's correlations. This led to a long controversy between the biometricians lead by Karl Pearson and the Mendelians which was finally settled by Fisher who suggested that the factors involved were many. Some would produce a positive (increasing) effect, some a reducing effect and not all the factors would show dominance, which was now also shown to be true for qualitative characters. Fisher devised the statistics to analyse the means and variability of the first cross generation, as well as the subsequent second and third inbred generations, a complete fit with Mendelian theory settled quantitative characters on the basis of many genes each with small effect, some positive and some negative, and some, but not all, showing dominance. These genes, which M ather named polygenes, were transmitted from parent to offspring by the M endelian method but differed in their action on the character. M ather and F. Yates, F.R.S., in their biographical memoir of Fisher (218)*, explained Fisher's contribution in detail and pointed out that Fisher then appeared to lose interest and made no further contributions to the subject. But M ather did not point out that with Fisher's somewhat limited genetic and cytological experience it would be natural not to see the whole range of remaining problems. Mather, on the other hand with his expert knowledge of linkage analysis and the mechanical behaviour of the chromosome would see the problem of the distribution o f polygenes on the chromosomes, the effect of close and loose linkage and the problem o f polygenic interactions. Here was work for a decade and even a whole career as it turned out.
Before M ather started his series o f experiments others had undertaken selection and biometrical experiments on such diverse subjects as chickens, mice, fruit flies and maize. This had produced much valuable information to which Mather referred and often applied his own statistical technique. Much of this work continued to develop contemporaneously with M ather's own work. The results obtained were in general agreement with one another and with Mendelian theory but interpretation differed considerably. The main point of difference was whether a separate category of genes, polygenes, was involved. But all this work on these different animals and plants was done on a one worker, one organism basis. Mather, with his early experience o f Drosophila with Sturtevant and Dobzhansky in the U.S.A. and with plants at the 'John Lines', was able to take full advantage of complementing the experimental advantages of one organism with another.
, with its short life-cycle and economic culture was ideal for multi-generation selection experiments. The plants, which included pairs of inter-fertile species such as Petunia axillaris and P. , Antirrhinum majus and A. glutinosum and later Nicotiana rustic a, were excellent material for the study o f the effects of polygenes on natural breeding systems. The high seed production per pollination made possible multiple matings on single plants, a requisite for efficiently designing the system of diallel crosses. The experiments on all these different organisms were going on simultaneously in the same laboratory. Even the individual workers shared the organisms, for all the Drosophila workers worked also on plants. The quickly obtained results from Drosophila could be integrated into the planning and interpretation of the long-term experiments on plants where an initial oversight in the planning could have long-lasting consequences. The diversity of approach gave the work * Numbers in this form refer to entries in the 'Publications' section o f the bibliography on the accompanying microfiche. breadth and authority. The combined approach helped to give confidence in defining parameters, statistical methods and design of experiments which solved the problems of estimating free and potential variability, the dominance of polygenes, their location on the chromosomes, the explanation for correlated response of an unselected character with the selected one. Another aspect of this combined approach is given by Mather and J.L. Jinks, F.R.S., in the preface to the third edition of Biometrical genetics [6]*. Reviewers and others had asked why they made excessive use of their own experiments to provide illustrative material rather than drawing on more data from the literature. The answer given was that often 'no similar experiment had been carried out elsewhere' and when they were doing a novel type of analysis it was necessary to have the original observations which were often not published. The chief reason, however, was that they had been doing studies with Nicotiana rustica and lines of Drosophila for nearly 40 years which had provided a close and comprehensive knowledge of the living material and 'a series of linked observations each of which can, over time, aid in the interpretation of the rest'.
The It was mainly with plants that Mather investigated the polygenes affecting natural breeding systems, and with his usual versatility of approach he was able in three to four hours to analyse a natural unconscious experiment over approximately 77 generations by comparing his own data with published data going back over 77 years. This was with Primula sinensis in which Mather and de Winton first showed that self-compatibility could be greatly increased without altering the main switch gene. It was done by horticulturalists who established and maintained a pure breed by self-pollination; naturally the most self-compatible plants were unconsciously selected. The self-compatibility indices were Hildebrand 1864, 0.31, Darwin 1877, 0.39, Mather and de Winton, 1941, 0.63. The major incompatibility gene was still intact and different polygenic modifiers had been selected. Mather, being cautious about inadequate data and 'perfect fits' did not point out that the three indices fit perfectly on a straight line with a log-scale for the number of years.
The interfertile pairs of Antirrhinum and Petunia species were used to make crosses between self-compatible and self-incompatible species in which he showed that the strength of the self-incompatibility reaction, although an extremely specific mechanism and * Numbers in this form refer to entries in the 'Books' section of the bibliography on the accompanying microfiche.
controlled by a major gene complex, was affected by the polygene background. No characters were untouched by polygenes. But more importantly, from these and other characters differences he had observed, he came to the important conclusion that most if not all the genetic differences between species were polygenic and that the major genes were constant for a whole group o f species. This important conclusion was discussed again ten years later in 'The genetic structure o f populations*(133) in 1953. But his conclusions were always tentative because as he said, there was very little evidence. Possibly for this reason he does not appear to have referred to the subject again except for a brief statement in the second and third edition o f his book (with Jinks on Biometrical genetics [5, 6] ). He certainly did no further experimental or theoretical work on this aspect. This turned out to be unfortunate, for species differences may be a crucial pointer to the molecular structure of polygenes that will be referred to later.
Biometrical genetics continued to be the core of the work when M ather was appointed to the newly established chair of genetics at the University of Birmingham. Here from the outset the experiments were mainly with Drosophila and Nicotiana brought from the 'John Innes' but haploid organisms, fungi, introduced and developed by J.L. Jinks, gave a new dimension to the analysis. One of the main discoveries was the demonstration that the stability o f development in Drosophila was under polygenic control. This led to the concept o f three different types of selection, directional, stabilizing and disruptive. The concepts were treated theoretically and the conclusions in respect of stabilizing and directional selection were tested by reworking the raw data from the early Drosophila experiments. Experiments were started with Drosophila on the measurement of competition between individuals, and its genetical control. In collaboration with J.L. Jinks he developed the theory and practice o f dialled crosses in Nicotiana with the hope that it would provide a more reliable and economical way o f selecting F2 individuals for the foundation of a plant breeding programme. W ith P.D.S. Caligari he turned his analysis of competition to an important agricultural plant, perennial ryegrass, in which competition between strains is an important factor in the yield of grassland pasture. This was in his late retirement and provided further evidence o f his lasting ambition to help the plant breeder. M ather's interest in biometrical genetics and polygenic inheritance persisted through all other diversions, for he continued with research during his Vice-Chancellorship o f Southampton University and on his retirement went back to Birmingham, ending with two theoretical analyses of the effects of stabilizing selection, one of which was published posthumously.
PRACTICAL PROBLEMS
M ather's ever-present interest in helping the plant breeder took a practical turn in World War II when he was head of the Department of Genetics at the John Innes Horticultural Institution. The institution had diverted some of its interest to practical problems o f food and seed production arising from complete loss of imports from central Europe and the severe reduction from the United States. Mather played his full part in this, mainly by his collaboration with other members of staff using his statistical knowledge to design the experiments. The loss of seeds of vegetables and cereals was a serious problem and one difficulty was to provide adequate isolation of the seed crops to ensure purity of the stock.
Traditional distances between different seed crops had no real scientific basis and were probably too lavish. Mather with M.B. Crane, F.R.S., and later A.J. Bateman devised and executed experimental plots which measured the amount of pollen carried over distances 1-100 m. The results were surprising in that after 1-2 m the pollen flow fell to a very low level with no further reduction over 100 m. The practical result was that the land used for seed production could be reduced without fear of increasing the contamination. Another problem was that of growing sweetcorn in the cool and often wet climate of the British Isles. It was suggested that the stimulus for this came from a demand of the American G.I.s stationed in Britain during the War who had to have their com. As a result of the testing of varieties and breeding, one of the first sweetcoms to be grown in the British Isles was the John Innes Hybrid. Mather fostered the continuation of this work which resulted in hybrids that were cold-tolerant and suitable for the cool climate. Perhaps one of the more unusual studies was in collaboration with his wife Mona Mather and J. Newell the curator, probably stimulated by one of the original green pioneers, derogatorily called the Muck and Moonshine Group, who were against artificial fertilizers, and advocated sowing seeds at a recommended phase of the Moon. The publication 'Seed germination and the M oon' is sandwiched in the bibliography between 'Adaptation and counter adaptation in the breeding system of P rim ula\ and 'Heterothally as an outbreeding mechanism in fungi'. One can be sure that the experiment was impeccably designed and interpreted with the correct statistical caution, namely: 'There is no consistent lunar effect in seed germination. Sowings should be made wherever soil and weather conditions are suitable.' Mather, like his collaborators, was invited to give broadcasts on the BBC, on these practical problems and also on scientific problems of contemporary interest. He was also a member of a war time National Biology Committee.
G e n e t i c s a n d t h e R u s s i a n c o n t r o v e r s y
To understand M ather's unswerving commitment to the study of polygenes and quantitative characters we must go back to his first interview for a scholarship when Sir Frank Engledow suggested if he wanted to help the plant breeder he should study quantitative characters for it is with these that plant breeders are concerned. Furthermore, at the time Mather started his career, his view was reinforced by the complete suppression of Mendelian genetics in the U.S.S.R. by Stalinist decree. It is not appropriate to describe in detail the situation that lasted for more than 30 years and that banned all Western literature and then obliterated a whole generation of Russian geneticists with the contemporaneous establishment of Lysenko. M ather's response to this was unique among Western geneticists. The response of most was to emphasize the unscientific nature of the work and arguments presented to support the Russian attitude and to ridicule it as another aspect of the political ideology of the U.S.S.R., which it certainly was. In his article in Nature in 1942 (55), Mather did not discuss the deficiencies of the Russian attitude but discussed how 40 years of work in the science of genetics which had earned worldwide approval including a Nobel laureate could be rejected by a world power which prided itself on its science and technology. It was still more disturbing that Lysenko's views were not opposed by scientists except by those directly engaged in genetic research; and there were some scientists in Great Britain and elsewhere who actually supported the views. M ather gave a very good appraisal of the development o f genetics and its extremely sound scientific base, pointed out that its deficiencies were not in what it had achieved but in what it had not seriously attempted to achieve (i.e. the study o f quantative characters), and therefore had not achieved any practical return. This unduly temperate and deeply penetrating review reveals much o f M ather's character; reason and not emotion prevailed in following a conviction right through to the end. The last paragraph sums it up like an epitaph:
To call for the rejection o f Genetical theory is useless; for this theory is sound, no matter how disappointed we may feel that, while developing its internal structure genetics has neglected those aspects which appeal to the breeder. What is required is experimental research in polygenic behaviour, so that genetical theory may be enlarged until the full potential value o f genetics to evolutionist and breeder is realized. The task will doubtless be laborious but the need is obvious and the opportunity great.
S t a t i s t i c s
M ather's only mathematical training was at Nantwich and Acton Grammer School where the headmaster, an Oxford graduate in mathematics, perceiving M ather's interest in the subject, gave him special lessons outside the curriculum. But this was enough for Mather to be able to understand and utilize R.A. M ather's introduction to statistical methods, combined with his interest in the relation between recombination with the four strands of the mechanically paired chromosomes lead to a definitive review on crossing over in Biological Reviews in 1933 and to his first book The measurement o f linkage in heredity [1]. The latter described the techniques for measuring and assessing statistical significance of genetic linkage values. Particularly helpful was the approach of combining diverse data to obtain the greatest information by the method o f 'Maximum likelihood'. His use of statistics, however, went far beyond genetic analysis. Certainly there was a sound statistical approach to all his experiments and analyses but it went further in the publication of his book Statistical analyses in biology [2] , which was produced in seven editions, two paperbacks and was translated into German, French, Spanish and Japanese. This book again was a timely handbook for biologists o f all sorts; geneticists, plant breeders, clinicians and sociologists. It earned him many collaborators and his help was widely sought in matters of design and interpretation o f experiments. The treatment was again of a practical nature giving examples from practical problems encountered by others, for example to illustrate the Poisson distribution of rare events he chose an example from the fashionable plant ecology. The numbers of plants of Eryngium maritima in random quadrats as recorded by G.E. Blackman, F.R.S., gave a good fit to a Poisson distribution. He could not resist prefacing this example by the quaint and remote one given by Fisher, in which Bortkewitch recorded over a period of 20 years the number of deaths in the Prussian army from horse kicks. This too fell into a Poisson distribution.
Mather was very free with his statistical help not only to his immediate colleagues, but to many outsiders. Many of us in retrospect would have thought a credit on the title page would have been more appropriate than the note of thanks in the acknowledgements.
THE REALITY OF POLYGENES
The theoretical and experimental basis for polygenes has produced a remarkably consistent and sometimes heuristic hypothesis based on many genes, each with small effect on the degree and balance of quantitative characters. Mather, however, did not speculate beyond his experiments on the precise molecular structure, except occasionally on the biochemical action of polygenes. At a time when such great advances were being made with coding and regulator genes, it must have been tempting but too much of a luxury for him to speculate on the structure and function of polygenes. Speculation on matters that could be answered by his breeding experiments was confined to the question of the actual number of polygenes affecting a particular variable character. This he based on what he called 'effective factors'. These were the number of units that could freely recombine, such as whole chromosomes and sites in chromosomes that were far enough apart to recombine freely. These effective factors could be readily determined from his experiments but as he said they only represented a minimal number because each factor could contain several polygenes too closely linked for systematic detection although closely linked polygenes were detected as a rare event in one of his early long-term selection experiments. Throughout his 40 years of work he was able to defend his polygenic concept against criticisms centred around the assumption that he had no proof of a separate category of genes and that he might be dealing with ancillary and sundry effects of major genes. He certainly rebutted effectively alternative explanations on many alleles of major genes with small effect such as isoenzymes and pleotrophic side effects of major genes tentatively proposed by L. Penrose and H. Griineberg.
The many detailed selection experiments only went to extend and support the original concept and provided little or no stimulus for speculation about the nature of polygenes. To many of his contemporaries, this lack of structural precision threw doubt on the concept, particularly as the picture of the genome had changed completely with the analysis of DNA sequences and the discovery of encoding, regulatory and control genes. In retrospect, Mather's caution about speculation on the structure and precise function of polygenes was a strength, and allowed him to continue with the same technique to make more ingenious and more penetrating selection experiments. O f particular value was the selection of chaetae on the three pairs of legs of D r o s o p h i l a, treating each pair of legs as a sep selection. With M.J. Hanks he showed that each pair of legs had its own set of polygenes affecting the number of chaetae, some affecting all three pairs of legs and other sets affecting only the front and others only the middle pair. This refinement in the analysis prompted him to his only speculation at the gene action level, 'that structural genes responsible for the mediation of chaeta production are subject to control, in the sense of being subject to activation or non-activation by further elements whose presence or concentration varied between legs ', M ather and Hanks, 1978 (264) . As cautious as ever Mather concludes, 'it is however, impossible to obtain direct evidence of a gene-controlled regulation from data such as our observations yielded'.
In a later paper (283), in fact his last, and published posthumously in 1990, Mather discusses the consequences o f stabilizing selection for polygenic variation and concludes that stabilizing selection acts not on individual polygenes independently, but on the system as an integrated whole, the response to selection o f any one polygene being affected by all other polygenes in the system. He gives an estimate o f the number of polygenes in a system which is 20 or more for stem opleural and abdominal chaeta num ber in Drosphila melanogasterand quotes Shrimpton & Robertson (1988) and Falconer (1971) for estimates o f some 80 polygenes for litter size in mice. There is no exaggeration here, only cautious deduction from the many well-planned experiments. Our amazement arises from the consistency o f the original polygenic concept which has stood the test for 50 years. Polygenes as segregating units linked together on chromosomes, are as real as major Mendelian genes were in 1940. Their reality in terms of DNA and major gene sequencing will have to wait until sequences of selected and unselected stocks have been made. The finding that DNA sequences of major coding genes are remarkably constant not only between species and genera but across the whole living world from insects to man and fungi to flowering plants. This may be an important clue to M ather's finding that the differences between species and the raw material for evolution lies in the polygenes and not in major genes. There is certainly enough redundant DNA and also fine-tuning-control DNA to give the molecular reality to polygenes. But Mather never weakened his evidence for the separate category o f polygenes by indulging in long distance speculation.
VICE-CHANCELLOR: ADMINISTRATOR
W herever M ather was working, be it at a research institute or at a university, his administrative abilities were manifest and in consequence in demand. At the early age of 25 he was Deputy Secretary of the Genetical Society of Great Britain in 1936, continuing as Junior and later Senior Secretary for seven years. He was elected president at the age o f 38. W ithin four years of his appointment to the new chair of genetics (1948) at Birmingham University he was elected Dean o f the Faculty of Science and Engineering (1952-53) and later Vice-Principal (1960-63) and Pro-Vice-Chancel lor and Vice-Principal (1963-65) . These part-time duties gave him invaluable experience in the running of a university without distracting him from research and teaching. Mather, as a member of a committee, had a perfect sense o f timing. He would remain silent, listening intently to the views expressed by other members until the pause before the chairman would sum-up; then he would briefly point out some virtues in all the views expressed, but favouring one which he would modify to fit his own preconceived view. This was usually accepted without further argument; as a chairman, with the restraint of impartiality which this imposed, he was not able to exercise the technique quite so expeditiously. The steady publication rate of 7.7 titles per annum during his professorship shows no reduction in the years o f the extra administrative duties and furthermore was not significantly different from the 7.0 rate at the John Innes research department where the administrative duties were minimal. When appointed Vice-Chancellor of Southampton University he was exceptional as a vice-chancellor in that he not only led the university through a period of expansion from 2000 to 4000 students, the setting up of a new large medical school in conjunction with a regional hospital but also had to come to terms with the all prevailing student rioting, and at the same time he taught an annual course in population genetics and supervised experiments on Drosophila with financial provision for a research assistant from the Agricultural Research Council. During this period he also found time to write and publish the book. The elements o f biometry [9] , and with J.L. Jink's collaboration he prepared a much enlarged second edition of Biometrical . Throughout his career, including his time as a Vice-Chancellor and during retirement, Mather responded generously to invitations to voluntary service. The extent of this ranged from membership of research councils and governing bodies to chairmanship of visiting groups to research stations and committees on food irradiation and genetic manipulation. Much of his committee work stemmed from his membership of the Agricultural Research Council of which he was a member for a total of 20 years, a record unlikely ever to be equalled. Sir Gordon Cox writes:
Kenneth Mather probably enjoyed working for the ARC because he could watch the development of very large genetic experiments with fann animals and crops, the design of which often owed much to his own advice. When Sir William Slater, F.R.S., retired from the secretaryship of the ARC the only short-listed candidates for the post (so far as I know) were Kenneth Mather and myself: my appointment made no discemable difference to Mather's attitude and I owed him a great debt of gratitude for his unstinting support. It was characteristic of him that many years later when I ventured to say something to this effect to him, his only response was a grunt and a grin. He was not given to euphoria but neither was he inclined to be depressed for long when things went wrong; after some analysis of the causes of the failure he might say pensively 'Hope is a good thing to have had' and then turn briskly to the next problem. My experience was that Mather (unlike some other geneticists of his generation) had the ability to keep emotional considerations out of his scientific judgements, and he was thus an admirable chairman and a very reliable adviser. The awkward (not to say cantankerous) streak in his nature never showed in his work for the ARC, although it sometimes erupted in off-duty periods, most spectacularly at hotel breakfasts, when he was decidedly not at his best.
As a Vice-Chancellor he was responsible for the expansion of student numbers which entailed new buildings, new faculties and the appointment of many new staff, the complete overhaul of the administration and the pattern of decision making. The fulfilment of an old ambition of the University and the Wessex Regional Hospital Bond to provide for a medical school required much energy and persuasion involving the Todd Commission on Medical Education, the University Grants Committee and many locally interested bodies. Mather acknowledged the great help from the Senior Medical Officer of the hospital board Dr J.R. (now Sir John) Evans and Sir Donald Acheson, Chief Officer of the DHSS, as the first Dean of Medicine. In 1967 the University was authorized a target of 65 students; the first intakes of 52 students was admitted in 1971. This is no mean achievement and is a fine testimony to Mathers administrative and persuasive skills.
Despite his successes at Southampton, he did not get full satisfaction from the work and admitted that he had not been able to supervise the research on Drosophila and that the results were not really satisfactory. He missed the research atmosphere of his old department in Birmingham, and this together with his horror of the stupidity o f the vandalizing student riots were important factors in his decision to retire at the age o f 61. He went back to work in his old department at Birmingham where his former colleagues were apprehensive until they found that he was a changed man, his former self-centred and somewhat aggressive drive had gone to be replaced by the warmer, helpful side o f his nature. This was a side which had been hidden from those he worked with and was responsible for, but was apparent to his contemporaries who were not directly working with him. This change was only partly due to his enlightening experience as a Vice-Chancellor, and mainly to the closer relationship without responsibility he could have with his colleagues. His only formal duty was to supervise a research student, P.D.S. Caligari, who is now Professor of Plant Genetics and Breeding at the University of Reading. The research was on genotype-environment interactions, the genetical structure of populations and the measurement of competition between individuals; all within the polygenic concept which has stood the test of 50 years.
THE OTHER SIDE
Mather devoted his life to genetics and particularly to quantitative characters, in the belief that this would enlarge our knowledge of the gene and gene action by including his separate category of genes-polygenes, but he gave all his spare time to respond to the many requests by research councils and advisory groups for his expert help. A full list of his administrative activities, which are appended, shows that he had an important influence particularly at a period when much of biological and agricultural science was being reorganized, and also when the application of new molecular and genetic techniques were raising safety and moral problems which had to be regulated and legalized. Both his scientific and administrative works were recognized by many appropriate honours.
The main question still remaining is what he did and thought about outside his genetic and administrative work. Mather may have had many interests hidden from view by his cautious and inward looking nature, but there was one long lasting interest which could not be concealed; it was naval history. Probably the first revelation of this came in the early days as a research worker when Brian Harrison, now D.Sc., as Mather's young assistant and a bibliophile, found and bought under Mather's instruction, The influence o f sea power upon history 1 6 6 4 -1 7 8 7 , published 1891 and The influence o f sea power upon the French Revolution and Empire 1793-1813published 1892. He was still interested in his later years, when in the evening after external examining for Professor Hubert Rees, F.R.S., at Aberystywth, he scintillated on the academic equivalent of rum and the revival of naval deeds of the past. Brian Harrison, at the time of the book commission, ventured to ask Mather what he would have liked to do if he had not been a geneticist to which Mather unhesitatingly replied 'Captain of a large ship'. In other words fighting and controlling the elements, complete power and being alone; but not without consultation with his crew. The final decision would be his as it was in his scientific work and where the more than 40 different co-authors testify to his collaborative skills.
Mather married Mona Rhodes in 1937 after meeting as students at Manchester University. When during the War years they were living in Merton, on the outskirts of London, she taught first year biology to medical and science students at the Chelsea College of Science and Technology. She supported Mather and accompanied him to scientific meetings and conferences. A son, Robert Rhodes was bom on 11 December 1943. He is now a Ph.D. and is lecturing in applied chemistry at the Scottish College of Textiles. In her last years Mona suffered a long illness, dying in 1987. Mather nursed her at home through this distressing period. Before her illness, she probably saved his life by applying her expert resuscitating first-aid skills in the initial critical minutes of his first heart attack. Three years after her death, his second and fatal heart attack was a swift interruption of his work, for he never saw the proofs of his last paper Consequences o f stabilising variation. 
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